Introduction
T here is increasing evidence th a t th e w idely occurring 1-O-acyl glucose esters o f phenolic acids [1] are possible essential m etabolically active in te r m ediates in p la n t m etabolism . Several reports d e scribe their tran sien t accu m u latio n [2 -4 ] and it is now well established th at the enzym atic m echanism in the biosynthesis o f conjugates can proceed via 1-O -glucose esters [5 -9 ] as an alternative to the pathw ay via coenzym e A thioesters [10] . A t present, involvem ent, regu latio n and specific role o f glucose esters in secondary m etabolism o f plants are o b scure. The ap p earan ce, steady-state conditions and d isap p earan ce o f phenolic constituents in plants have to be considered as the results o f the rates o f synthesis and fu rth e r m etabolism , integ rated into the developm ental p rogram an d sensitive netw ork o f general m etabolism . Thus there m ight be m any cases o f p erm a n en t flow o f carbon through pools o f secondary constituents [11] , d e p e n d e n t on expres sion an d control o f the m etabolic grid, into which they are integrated.
T echniques using pulse-labelling experim ents with radioactive precursors (e.g., [14C ]phenylalanine) [12] hibitors, such as L -a-am inooxyphenyl-/?-propionic acid (AO PP) [13, 14] o r m -fluoro-D L-tyrosine (M FT) [15] , are pow erful tools in b iochem ical an d p hysio logical studies on p h en y lp ro p a n o id m etab o lism . In the presen t study we ap p lied these tech n iq u es to in vestigate the dynam ics o f th e secondary phenolic m etabolism in cell suspension cultures o f Chenopo dium rubrum.
The objectives o f o u r stu d ies were: i) to ch a rac terize the accu m u latio n p a tte rn o f hydroxycinnam ic acid glucose esters in th e Chenopodium rubrum culture; ii) to reveal tu rn o v e r rates a n d fu rth er m etabolism o f the esters; an d iii) to illu m in ate regulatory in terrelatio n s b etw een the m etab o lism o f the phenolic acids an d aro m a tic am ino acids. 
Material and M ethods

D eterm ination o f growth
G row th o f the suspension cu ltu re was determ ined by follow ing the increase in cell m ass as a function o f dry weight. Cells w ere collected by vacuum filtra tion a n d subjected to freeze-drying.
Isolation and identification o f secondary products
F reeze-dried cells w ere extracted w ith 50% aqu. m ethanol. A fter centrifugation the extract was con cen trated u n d er reduced pressure at 30 °C. The hydroxycinnam ic acid glucose esters were partially purified by polyam ide C C 6 by elution with w ater [17] an d 1 -/7-coumaroyl-an d 1 -feruloylglucose w ere identified by direct ch ro m a to g rap h ic com parison (TLC, H PL C ) w ith those glucose esters, w hich had b een p re p a re d in a previous study [18] . The betalains w ere identified by H PLC analysis an d com parison w ith au th en tic m a terial [19] .
Chromatography
H ydroxycinnam ic acid glucose esters w ere sep arated and co -c h ro m a to g rap h e d w ith reference co m p ounds on m icrocrystalline cellulose (Avicel) thin layers in BAW («-butan o l-acetic acid-w ater, 6 : 1 : 2 ) , CA W (chloroform -acetic acid, 3 :2 , w ater satu rated), and 5% acetic acid in w ater. C h ro m a to gram s w ere view ed u n d e r U V light (366 nm ) w ith an d w ithout trea tm e n t w ith am m o n ia vapor. Free hydroxycinnam ic acids w ere ch ro m ato g rap h ed on Avicel in TAW (toluene-acetic acid, 2 :1 , w ater satu rated). H igh perfo rm an ce liquid chro m ato g rap h y was carried o u t on a Spectra-Physics (Santa C lara, Calif., USA) system , in co rp o ratin g a co m p u t ing in te g rato r (System I, S pectra Physics), a Schoeffel U V /V IS -detector (In stru m e n t Corp., T rapenkam p, F R G ), a n d a H PL C radioactivity m onitor (LB 503, Berthold, W ildbad, F R G ) w hich was eq u ip p ed w ith a 200 pil C er-activated glass scintil la to r cell. (Y ield o f radioactivity was ab o u t 1%, d e p e n d en t on flow rate an d cell size applied.) In jection was perform ed via a R heo d y n e rotary valve w ith a 20 fxl loop. The elution system is described in Fig. 2 . T urnover o f an ap p a ren tly accu m u latin g m etabolically in ert end p ro d u ct can be detected by pulselabelling experim ents w ith a su itable radioactive precursor [12] . We ad m in istered 14C -lab elled p h e nylalanine, the pivotal am in o acid in phenylp ro p an o id m etabolism [24] , im m ed iately after transfer o f Chenopodium cells into fresh m edium . W ithin 3 h, 95% o f the rad io activ ity was tak en up from the m edium and the in co rp o ratio n o f this into the hydroxycinnam ic acids w as follow ed in o rd er to determ ine th eir m etabolic role. This was acco m plished w ith the aid o f rad io [14C ]H PL C as show n in Fig. 2 . This technique, th o u g h relatively insensitive at present, allow ed the rap id tracing o f in co rp o rated radioactivity. In all ch ro m ato g ram s we alw ays found two unknow n 14C -labelled p eaks (peak 3 an d 4) w ith higher retention tim es th an 1-feruloylglucose. Peak 4 which has to be considered as a non -p h en y lp ro p an o id constituent show ed highest in co rp o ratio n at day 4 (total activity o f around 2 x l 0 6 dpm per 100 m g dry w eight), decreasing during subsequent stages to less th an 50%. Peak 3, m ost probably a h ydroxycinnam ic acid conjugate, also show ed a tran sien t in corporation.
Q uantitative estim ation o f phenolic constituents a n d 14 C -incorporation
Pulse-labelling experim ents
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Results and Discussion
The tim e course o f incorporation into the glucose esters o f /7-coum aric and ferulic acid along with lab elled b o u n d ferulic acid is show n in Fig. 3 o f a seem ingly inert end p ro d u ct to be gained [14] . W hen we com bined these techniques in an exp eri m ent in w hich we adm in istered b o th [14C ]phenylalanine and 24 h la ter A O PP we observed th at the specific radioactivity o f the glucose esters rem ain ed rath e r constant at ab o u t 3 . 5 x l 0 5 dpm ^m o l-1 (Fig. 4, right panel) . This result was to be expected in the light o f those described above. F rom this a h a lf live tim e for feruloylglucose o f 36 h durin g the first 5 days o f culture w as calculated. In recent studies [15, 26] it was show n, th a t ltyrosine, an am ino acid w hich is closely rela ted to the phenylalanine-dependent p h en y lp ro p a n o id metabolism , is synthesized via the aro g en ate p a th way. T here is increasing evidence th at this path w ay m ight be w idespread in higher plants. This p ath w ay seems to be present also in the Chenopodium cell culture. We w ere able to block synthesis o f ltyrosine by adm in istratio n o f w -fluoro-D L-tyrosine, an effective in h ib ito r o f arogenate d eh y d ro g en ase [15] . G row th inhibition o f Chenopodium cells by M FT was reversed by ad m in istratio n o f L-tyrosine (Berlin et al., unpublished) . The effects o f M F T on the secondary m etabolism are illustrated in Fig. 5 . T here is a significant decrease in the pool o f b etalain s (am a ra n th in ) (Fig. 5 A) , indicating th at b etalain s m ight also be subject to turnover. Surprisingly the pool o f hydroxycinnam ic acid glucose esters m a rk edly increased (Fig. 5 B) w hen biosynthesis o f ltyrosine is inhibited. l-/?-C oum aroylglucose reaches a level which is ab o u t 3 tim es higher th an th a t reached by the control tissue. This result suggests th at the aro g en ate-m ed iated synthesis o f L-tyrosine in Chenopodium rubrum cell cultures obviously is closely in terrelated w ith the p rep h e n ate p ath w ay leading to L-phenylalanine. We assum e th at the arogenate pathw ay o f the shikim ic-acid p ath w ay is in h ib ited or sw itched off by M FT an d th a t the carbon flow into the p rep h e n ate b ran ch is en h an ced . 
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